Oriented immobilization to nanoparticles enhanced the therapeutic efficacy of antibody drugs.
Antibody drugs have been important therapeutic agents for treating various diseases, such as cancer, rheumatism, and hypercholesterolemia, for the last three decades. Despite showing excellent therapeutic efficacy with good safety in vivo, they require high doses. We have developed a ∼30-nm bio-nanocapsule (ZZ-BNC) consisting of hepatitis B virus envelope L protein fused with the tandem form of protein A-derived IgG Fc-binding Z domain (ZZ-L protein), for tethering antibodies in an oriented immobilization manner. In this study, antibody drugs were spontaneously conjugated to ZZ-BNC, which displayed the IgG Fv regions outwardly. The anti-human epidermal growth factor receptor IgG conjugated to ZZ-BNC (α-hEGFR-ZZ-BNC) was endocytosed by the human epidermoid carcinoma A431 cells, with increases in cellular uptake by ∼1.5 fold, compared that of α-hEGFR IgG alone. The amount of α-hEGFR IgG in the late endosomes and lysosomes was increased from 4% to 33% by the conjugation to ZZ-BNC. The in vitro cytotoxicity of α-hEGFR-ZZ-BNC was higher by ∼10-fold than that of α-hEGFR IgG alone. Furthermore, in vivo tumor growth was significantly reduced by α-hEGFR-ZZ-BNC than by α-hEGFR IgG alone. Taken together, since endosomal EGFR, not cell surface EGFR, played a pivotal role in the EGFR-mediated signaling cascade, ZZ-BNC increased α-hEGFR IgG avidity by efficiently repressing the activation of hEGFR not only on the cell surface, but presumably also in the endosomes. These results strongly suggested that ZZ-BNC is a promising nano-scaffold for enhancing the therapeutic efficacy and reducing the dose of antibody drugs. STATEMENT OF SIGNIFICANCE: Antibody drugs are widely used for treating severe diseases, such as cancer, rheumatism, and hypercholesterolemia. These drugs are composed of naturally occurring biomaterials with low immunogenicity and toxicity, as well as long in vivo serum half-life. To achieve sufficient therapeutic efficacy, the dose of antibody drugs are unavoidably higher than those of conventional drugs. The present study shows an innovative way to reduce the dose of antibody drugs by using a nanocarrier-conjugated antibody. Oriented immobilization of the antibody enhanced its avidity, endocytosis efficiency, and therapeutic efficacy.